The goal of this study was to demonstrate that copeptin levels <14 pmol/L allow ruling out acute myocardial infarction (AMI) when used in combination with cardiac troponin I (cTnI) <99th percentile and a nondiagnostic electrocardiogram at the time of presentation to the emergency department (ED).
An estimated 6 to 8 million patients present to US emergency departments (EDs) each year with suspected acute coronary syndromes (ACS) (1) . In this population, biomarkers are a critical component of their evaluation. Although an elevation of cardiac troponin (cTn) with a rising and/or falling pattern in the setting of suspected ACS represents the gold standard for a non-ST elevation myocardial infarction (NSTEMI) diagnosis, the absence of an elevated value at the time of presentation does not rule out an acute ischemic event. Because symptoms are nonspecific, a method to rapidly rule out AMI would be helpful for early ED disposition. A biomarker that provides additional value to cTn would improve resource allocation and clinical decision making, particularly if it could be assessed at the time of presentation.
Arginine vasopressin (AVP) is responsible for a variety of hemodynamic functions that contribute to vascular tone and the maintenance of blood volume. Despite a theoretical diagnostic role in cardiovascular disease, its clinical application as a useful laboratory test has been limited by its short half-life in the circulation. Copeptin (the C-terminal portion of the AVP precursor peptide) is more stable and provides an easily measured surrogate biomarker for AVP release (2, 3) . After acute myocardial infarction (AMI), circulating copeptin levels rise to peak values rapidly and then decline over the next 2 to 5 days (4).
Measurement of copeptin has been reported to rapidly exclude AMI in patients presenting with suspected ACS (5, 6) . In 1 study of 487 consecutive ED patients (5), copeptin was elevated (>14 pmol/l) within 4 h of symptom onset, despite undetectable levels of cardiac troponin T (<99th percentile of the upper reference range). These studies suggest that the addition of copeptin may be useful to rule out AMI in patients presenting to the ED with suspected ACS.
The multicenter CHOPIN (Copeptin Helps in the Early Detection of Patients With Acute Myocardial Infarction) trial was designed to determine if copeptin could improve the ability to rule out AMI in patients presenting within 6 h of the onset of chest pain.
Methods
Study design and population. The CHOPIN study was a 16-center prospective trial enrolling patients who presented with chest pain or ischemic-equivalent symptoms within 6 h of onset of symptoms. Patients >18 years of age were included if the treating physician had suspicion for the diagnosis of ACS. Patients were excluded if the symptoms were clearly not related to an ACS (i.e., penetrating chest wounds, crush injury). A detailed description of the study population and protocol is provided in the Online Appendix. The study was conducted in compliance with International Conference on Harmonisation/ Maisel et al.
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The CHOPIN Trial: Copeptin in Early Detection of AMI Good Clinical Practice regulations, and all 16 study sites received local institutional review board or ethics committee approval. All patients provided written informed consent for participation.
Patients were seen and evaluated in the ED of the participating trial sites by emergency physicians who performed their usual standard of care assessment and treatment. For each patient enrolled in the study, the emergency physicians, blinded to the investigational marker results, documented their impression of: 1) the likelihood that the patient was experiencing an ACS; and 2) the likelihood that the patient was experiencing an AMI. These assessments were made on 2 separate visual analog scales (VAS), assigning a value of 0% to 100% clinical diagnostic certainty. This VAS scoring was performed at 2 different time points for each patient: the first scoring was done within 15 min of the physician seeing and evaluating the patient and before seeing the first troponin results; the second scoring was completed after the initial troponin result was reported. Samples were obtained at the time of presentation (0 h) and then 2, 6, and 24 h later if the patient was still hospitalized. Local site biomarker values were used to guide patient management as per usual care. In addition, the blood was centrifuged, and plasma was stored at -60 C and later analyzed at the study core laboratory. Patients were followed up via telephone or medical records for the occurrence of death, AMI, and/or revascularization within the follow-up time frames of 30, 90, and 180 days. Gold standard/adjudicated final diagnosis. After the 30-day follow-up was completed, each case report form was reviewed by at least 2 board-certified cardiologists, who each made a determination of the final diagnosis. In the event that the cardiologist reviewers did not agree, the case was adjudicated by the Endpoints Committee. All evaluations were reviewed for consistency by the Endpoints Committee. The final clinical diagnosis was based on predetermined guidelines (see Online Appendix for details). All final diagnoses were assigned to 1 of the following 6 categories: 1) ST-segment elevation myocardial infarction (STEMI); 2) NSTEMI; 3) unstable angina pectoris; 4) cardiovascular disease but non-ACS etiology; 5) noncardiac diagnosis; and 6) unclassified cause of chest pain. The local cardiac troponin values and the local cutoff values in use at that center were used for this determination. Investigational assays of cardiac biomarkers. Subsequent to local measurement, cardiac troponin I (cTnI) was also measured in the core laboratory at the University of Maryland (R.C., Principal Investigator) with the cTnI Ultra assay on an ADVIA Centaur XP system (Siemens Healthcare Diagnostics, Norwood, Massachusetts). The assay detection limit as described by the manufacturer was 6 ng/l, measuring range was 6 to 50,000 ng/l, 99th percentile was 40 ng/l, and 10% coefficient of variation was 30 ng/l.
Ethylenediaminetetraacetic acid plasma concentrations of copeptin were measured in the core laboratory on a Kryptor Compact platform (BRAHMS GmbH, Hennigsdorf, Germany). The assay detection limit as described by the manufacturer was 4.8 pmol/l. The direct measuring range was 4.8 to 500 pmol/l (up to 1,200 pmol/l with automatic dilution) with a functional assay sensitivity (lowest value with an interassay coefficient of variation <20%) of <12.0 pmol/l. Study end points. The CHOPIN primary hypothesis was whether a copeptin level <14 pmol/l on the initial blood draw in combination with cTnI and an electrocardiogram (ECG) would rule out the diagnosis of AMI in patients with symptoms of ACS. For the centralized cTnI values, the 99th percentile (40 ng/l) was used as a cutoff. For copeptin, based on review of the previous literature (5,6), a rule-out cutoff value of 14 pmol/l was pre-specified in the protocol. Additional secondary hypotheses examined the utility of copeptin in the evaluation of ACS. A complete listing of the secondary hypotheses can be found in the Methods section of the Online Appendix. Statistical analysis. Values are expressed as mean AE SD, non-normally distributed continuous variables are expressed as medians and interquartile range (IQR), or counts and percentages, as appropriate. Group comparisons of continuous variables were performed by using the Student t test, analysis of variance models, or the Kruskal-Wallis test, as appropriate. Biomarker data were log-transformed if necessary. Categorical data were compared by using the Pearson chi-square test. All statistical tests were 2-tailed, and a 2-sided p value of 0.05 was considered significant. For a simple model of time to diagnostic decision of AMI versus no AMI, we assumed that patients with an STEMI (immediate rule-in based on ECG) or negative copeptin and cTnI (immediate rule-out) could be identified within 1 h after presentation, whereas all others would need at least a 3-h interval until the second cTnI could be determined. Average time to decision was calculated by taking the mean time to decision for all patients.
Cox proportional hazards regression was used to analyze the effect of risk factors on survival in univariable and multivariable analyses (7) . The assumptions of proportional hazard were tested via scaled Schoenfeld residuals for all variables. None of the variables showed a significant deviation from the proportional hazards assumption. Log-transformed values of copeptin and cTnI were evaluated in a Cox regression model to determine the contribution of copeptin over and above that of cTnI by using the likelihood ratio chi-square test for nested models. The predictive value of each model was assessed by using the model likelihood ratio chi-square statistic. The concordance index (c index) is given as an effect measure. It is equivalent to the concept of area under the curve (AUC) adopted for binary outcomes. For multivariable models, a bootstrap-corrected version of the c index is given. Survival curves plotted according to the Kaplan-Meier method were used for illustrative purposes. Time-dependent receiveroperating characteristic curves and time-dependent AUC values were determined from censored survival data by using the Kaplan-Meier method (8) .
According to consensus recommendations, a diagnostically relevant rise or fall in cTnI was defined as a change >2.77 times the SD from the precision curve of the cTnI assay as reported by the manufacturer (9) ; that is, a rise or fall was considered positive if there was a change >60% for patients with a maximum cTnI value <20 ng/l, >30% for change of maximum cTnI between 20 and 40 ng/l, and >20% for cTnI >40 ng/l.
The statistical analyses were performed by using R version 2.5.1 (Hmisc and Design Libraries, ROCR, R Foundation for Statistical Computing, Vienna, Austria) and SPSS version 16.0 (IBM SPSS Statistics, IBM Corporation, Armonk, New York).
The data management center (VA San Diego) was responsible for data quality control and statistical analysis. The academic principal investigators of the trial hold an independent copy of the trial database and were able to perform independent statistical analysis.
Results
A total of 2,071 patients were recruited. Of these, 63 presented >6 h after symptom onset, and 8 did not have a gold standard diagnosis documented. Of the remaining, 33 had either a missing copeptin or cTnI value at time of presentation (18 missing each, including 3 missing both). Therefore, our final dataset contained 1,967 eligible patients. Of these, 75% (n ¼ 1,474) presented within 3 h of symptom onset. The final adjudicated diagnosis was STEMI in 40 (2.0%), NSTEMI in 116 (5.9%), unstable angina in 127 (6.5%), cardiovascular non-ACS in 413 (21.0%), a noncardiac diagnosis in 599 (30.5%), and an unclassified cause of chest pain in 672 (34.2%). Concordance between final adjudicated and final ED diagnosis was seen in 96.7% of patients. Follow-up blood samples were available in 1,802 patients at 2 h; 1,464 patients at 6 h; and 567 patients at 24 h. Baseline characteristics are summarized in Table 1 . Copeptin and cTnI by diagnostic categories and time since symptom onset. Median cTnI and copeptin concentrations at time of presentation were higher in patients with AMI (0.181 vs. 0.003 mg/l for cTnI and 19.9 vs. 9.2 pmol/l for copeptin; both p < 0.001, Kruskal-Wallis). Copeptin levels were elevated in STEMI and NSTEMI patients who had normal cTnI values at the time of presentation (cTnI <40 ng/l, 99th percentile): median copeptin concentration in initial cTnI-negative STEMI patients was 129.2 pmol/l (IQR: 33.4 to 184.4; n ¼ 13); in NSTEMI, it was 17.8 pmol/l (IQR: 8.1 to 28.8; n ¼ 19). In patients with other diagnoses, it was 8.7 pmol/l (IQR: <5 to 16.2; n ¼ 1,627). For patients with elevated cTnI at presentation, median values were 23.0 pmol/l (IQR: 9.5 to 136.5; n ¼ 27), 17.4 pmol/l (IQR: 8.4 to 60.9; n ¼ 97), and 14.9 pmol/l (IQR: 8.2 to 42.7; n ¼ 184) for STEMI, NSTEMI, and other diagnosis, respectively (Fig. 1) . Figure 2 displays the median values of copeptin and cTnI for time since symptom onset according to main diagnosis (AMI vs. other), combining all data available from the blood draws at time of presentation, and at 2, 6, and 24 h later. Although copeptin levels slowly decreased with increasing time from symptom onset, cTnI levels rose, with a peak at 8 to 10 h. Median values for patients without AMI stayed flat for both copeptin and cTnI. Primary hypothesis: rule out AMI by using copeptin and cTnI. Figure 3 illustrates the combined performance of first ECG plus cTnI and copeptin measured at time of presentation. For patients with a nondiagnostic ECG (i.e., those without STEMI), initially normal cTnI (<99th percentile/ <40 ng/l), and negative copeptin (<14 pmol/l) (n ¼ 1,143 [58%]), the negative predictive power (NPV) was 99.2% (95% confidence interval [CI]: 98.5 to 99.6). The positive predictive power (PPV) for patients with either elevated cTnI or copeptin (n ¼ 784) was 13.6% (95% CI: 11.4 to 16.2). Sensitivity for the dual marker combination was 92.2% (95% CI: 85.9 to 95.9), and specificity was 62.6% (95% CI: 60.4 to 64.8). Ten of the 19 NSTEMI patients (53%) who did not have an elevated cTnI at the time of presentation were copeptin positive.
Negative copeptin at presentation in combination with a negative cTnI ruled out 58% of all patients without need for a second blood draw. Assuming a 3-h interval until the second cTnI could be determined, the addition of copeptin to the initial cTnI and ECG would reduce the time to decision for AMI diagnosis from an average of 2.96 to 1.80 h (43%). Figure 4 illustrates the incremental value of copeptin in groups stratified based on the physician estimate of AMI probability after the first cTnI result was available. Low risk was defined as a value of 0% to 5%, intermediate risk from 5% to 25%, and high risk as >25%. Bars in the graphic represent the observed risk of AMI in the study. Of 466 patients deemed intermediate risk by emergency physicians according to VAS assessment, 294 (63%) had a copeptin level <14 pmol/l. For this group, the AMI risk was significantly lower compared with that of patients with copeptin levels >14 pmol/l (2.0% vs. 9.3%; p < 0.01), and the AMI risk was comparable to that of VAS low-risk patients (observed AMI risk 2% for both: 16 of 816 for the low-risk group and 6 of 294 for the intermediate-risk group with AMI). The NPV for patients with a negative copeptin and negative cTnI value in patients with VAS <25% was 99.6%, and for patients with VAS <5%, it was 99.8%. These data suggest that a low copeptin level is associated with low risk even if physicians think that AMI is possible with a pretest likelihood of up to 25%. Diagnosis after second cTnI sample. To better understand the added value of copeptin, we examined the overall performance of cTnI at time of presentation, of cTnI 6 h later, and of first ECG when used per guideline recommendations. This performance was compared with that of the same algorithm but also including copeptin measured at time of presentation for early rule out. A patient was defined as "serial cTnI positive" if a rise or fall in cTnI between the time of presentation and 6 h later was observed (see Methods for details), and the cTnI value was >99th percentile on at least 1 occasion. All other patients were counted as "serial
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The CHOPIN Trial: Copeptin in Early Detection of AMI Table 2 ). Outcome of both diagnostic procedures differed for only 12 patients (9 additionally correct and 3 additionally wrong using the algorithm including copeptin; p ¼ 0.14, McNemar's chi-square test).
The main reason for the relatively high rate of falsenegative findings for the serial cTnI algorithm was that the rise or fall of cTnI was not observable while looking at 0-and 6-h data only; that is, the cTnI change was apparent only if all available blood draws were included (n ¼ 21). For the 11 remaining false-negative results, differences between local laboratory results and cTnI were responsible: for the majority (n ¼ 7), small absolute differences around the 99th percentiles between the local laboratory results (used for gold standard diagnosis) and central laboratory results (used for evaluation) were responsible. For 4 patients, no obvious reason could be identified.
In total, 503 patients were without a cTnI value at 6 h. Of those, 10 were diagnosed with STEMI (2%) and 6 with NSTEMI (1%). The proportion of STEMI was therefore comparable to that in the overall population (2%), whereas the proportion of NSTEMI was substantially lower (6% of all patients). Of the 1,464 patients with a cTnI value at 6 h, 30 were diagnosed with STEMI (2%) and 110 with NSTEMI (7.5%). The proportion with STEMI was therefore comparable to that in the overall population (2%), whereas the proportion with NSTEMI was slightly higher (6% of all patients). Therefore, missing values of cTnI at 6 h seem to be due to both early rule-out (low NSTEMI rate) and rule-in (equal STEMI rate), as well as missing at random (NSTEMIs did occur, and data at other time points were available: 376 of 503 had a nonmissing cTnI at 2 h; 58 of 503 had a nonmissing cTnI at 24 h). All-cause mortality within 180 days. At the 180-day follow-up, 36 patients had died (1.8%; estimated 180-day 
Figure 3 Primary Endpoint
Patient distribution according to initial electrocardiogram (ECG), cTnI (cutoff 99th percentile; 40 ng/L), and copeptin (cutoff 14 pmol/L) status at presentation (0 h). Assuming that STEMI patients will be identified by using ECG, sensitivity was 92.2% (95% confidence interval [CI]: 85.9 to 95.9) and specificity was 62.6% (95% CI: 60.4 to 64.8) to identify NSTEMI patients. Therefore, negative predictive value (NPV) for copeptin levels <14 pmol/L and cTnI levels <40 ng/L is 99.2% (95% CI: 98.5 to 99.6). The positive predictive value (PPV) for patients with a positive cTnI or positive copeptin for NSTEMI is 13.6% (95% CI: 11.4 to 16.2). In absolute numbers, 10 (53%) of 19 NSTEMI patients with a negative cTnI value have an elevated copeptin value. For a final diagnosis of AMI, patients either cTnI or copeptin positive are assumed to undergo a second cTnI measurement. Conversely, patients negative for both copeptin and cTnI are assumed to be ruled out of having an AMI. Other abbreviations as in Figures 1 and 2 .
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The CHOPIN Trial: Copeptin in Early Detection of AMI July 9, 2013:150-60 [p < 0.0001 for both]; c index 0.784 and 0.800, respectively). Both were independent of age and each other, and provided additional predictive value (all p < 0.0001). Copeptin and cTnI combined (as continuous variables) resulted in a chisquare test of 59.2 and a c index of 0.842 (p < 0.0001). Figure 5 illustrates the added value of copeptin with cTnI. Copeptin was particularly strong for short-term prediction of death. For outcome prediction at 30 days (n ¼ 13 deaths; survival rate 99.3%), copeptin was associated with outcome, with a chi-square test of 29.2 and a c index of 0.872, and cTnI had a chi-square test of 13.7 and a c index of 0.828. Both markers were independent of each other and combining them provided significant added value (p ¼ 0.01 for added value of cTnI, p < 0.0001 for added value of copeptin) (Fig. 6 ).
Discussion
The early differential diagnosis of acute chest pain is 1 of the major clinical challenges in the ED. Although it is mandatory to correctly identify those patients with AMI, the vast majority of patients presenting with the symptoms suggestive of ACS do not have AMI. In CHOPIN, 1 of the largest multicenter studies on consecutive patients with chest pain, only approximately 8% had a final gold standard
Figure 4 Addition of Copeptin to VAS
Visual analog scale (VAS) scores reflect the estimated risk for AMI determined in the emergency department after the first cTnI measurement. VAS scores were categorized as low risk (0% to 5%), intermediate risk (5% to 25%), and high risk (>25%). Bars represent observed risk of AMI in the study. Of 466 patients with VAS 5% to 25%, 294 (63%) had a copeptin level <14 pmol/l and an AMI risk comparable to that of patients with VAS 0% to 5% (observed AMI risk 2% for both). Other abbreviations as in Figures 1 and 2 . For comparison, we also included results for early rule out based on a negative cTnI at 0 h. First, we focused on the safety of the early rule out (results based on first draw); second, we compared the performance of the full diagnostic procedures (after second blood draw). Negative predictive value (NPV), sensitivity, positive predictive value (PPV), and specificity are shown for this combination on both the first draw and with serial troponin draws. Patients diagnosed as having ST-segment elevation myocardial infarction were considered correctly diagnosed (i.e., diagnostic decision was based on electrocardiogram [ECG] only, and biomarker data were not taken into account for those). Therefore, NPV reflects non-ST elevation myocardial infarction (NSTEMI) results, because ST-segment elevation myocardial infarction can never be incorrect. None of the false-negative rates or the NPVs differed significantly (all p > 0.1).
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The CHOPIN Trial: Copeptin in Early Detection of AMI diagnosis of AMI (STEMI and NSTEMI), whereas >60% had a noncardiac origin of their symptoms. According to current guidelines, the management of suspected ACS involves serial troponin measurements and monitoring over many hours, which is a logistic challenge and a financial burden for already overcrowded EDs and hospitals. If the ED physicians follow the current guideline recommendations, all patients with a nondiagnostic ECG require an ED stay of at least 3 to 6 h or admission to the hospital to rule out an AMI. The present study shows that adding copeptin allowed 58% of all patients with nondiagnostic ECG to be ruled out for an AMI, whereas the number of undetected AMI cases only increased by 0.2% (from 32 to 35 of 1,967 patients). Assuming a 3-h delay before the second cTnI is determined, the availability of copeptin at baseline would reduce the time to decision for AMI diagnosis from an average of 3 to 1.8 h (43% reduction). The clinical benefit seems to be most prominent in those patients with an intermediate risk of AMI (5% to 25%), as assessed by ED physicians. A low copeptin level in these patients (<14 pmol/l) identifies a subset with a risk comparable to those who present with a low pretest probability (<5%) for AMI. There is particular synergism between a low pretest probability of AMI and nonelevated copeptin values. Most (72%) of the AMIs detected who had normal copeptin values were in those who were not low risk. Copeptin is the glycosylated, 39-amino-acid-long C-terminal part of pro-AVP and is released together with AVP during precursor processing. In contrast to AVP, copeptin is very stable in the serum or plasma at room temperature, and is easy and robust to measure (2) . An increase in copeptin concentrations after AMI was first reported by Khan et al. (4) , with the highest values reported on day 1 and a subsequent decline over the next 2 to 5 days. Copeptin concentrations were higher in patients who died or were readmitted with heart failure compared with event-free survivors. This finding led to 2 independent studies examining the potential role of copeptin in the diagnosis of AMI. The first, by Reichlin et al. (5), evaluated the contribution of copeptin to the management of 487 consecutive patients with chest pain presenting to the ED. In those patients with the final gold standard diagnosis of AMI (17%), copeptin concentrations were already elevated 4 h after the onset of symptoms, at a time when troponin T was still undetectable in many patients. As copeptin concentrations declined, and troponin concentrations increased, these distinct kinetics resulted in an additive value of both markers for the diagnosis of AMI. The AUC of troponin alone in the first blood sample taken in the ED was 0.86, and increased to 0.97 by adding copeptin. Using this double marker approach, a negative troponin and copeptin <14 pmol/l at presentation allowed AMI to be ruled out, with an NPV >99%. A second study confirmed these findings and demonstrated that the combined measurement of copeptin and troponin T in the first blood sample improved the c index from 0.85 for troponin Area under the receiver-operating characteristic curve (AUC) for survival to 90 days for copeptin (green), cTnI (blue), age (red), and the combination of copeptin and cTnI (purple). Curves smoothed by a locally weighted polynomial regression; horizontal lines at 30 and 90 days after presentation. Time-dependent receiveroperating characteristic curves and time-dependent AUC values were determined from censored survival data by using the Kaplan-Meier method. Copeptin was particularly strong for short-term mortality prediction (<30 days), whereas cTnI was stronger for long-term outcome prediction (>60 days).
Figure 5
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The CHOPIN Trial: Copeptin in Early Detection of AMI July 9, 2013:150-60 T alone to 0.94 for a combination of copeptin and troponin T (6). The effect was particularly prominent in patients presenting within 3 h after symptom onset. In this group, the combination increased the c index from 0.77 to 0.91. Gu et al. (10) have demonstrated that copeptin peaks within the first hour after symptom onset, falling to normal ranges within the first day. CHOPIN is the first evaluation of copeptin in a US cohort of a trial prospectively designed with predefined cutoff points to specifically evaluate NPV for rule out of NSTEMI. In addition, CHOPIN is the largest trial of this type to date. This large, multicenter trial confirms that the combination of a negative troponin and negative copeptin value on presentation allows the rule out of AMI with an NPV >99%. It is important to remember that a large part of the NPV is contributed by troponin. Thus, using an analytically sensitive troponin assay, in combination with copeptin, will likely lead to an even higher NPV than the less sensitive troponin assay used here. Other reports on a direct comparison of high-sensitive troponin assays and copeptin confirm the additive effect reported in this study (11) . This is true for patients presenting early after symptom onset, and it is likely that this added benefit of copeptin may be lost for patients who present late. Although copeptin is a relatively new biomarker, it is an excellent surrogate for AVP, which has been shown to also be elevated in AMI (12, 13) . However, based on the complexity of AVP measurements, this observation has never been clinically relevant for diagnosis. In a sheep model of AMI, the peak response of AVP occurred at 40 min after embolization, and AVP was elevated for >12 h (14) . But despite the very early rise of AVP (and other hormones related to stress response), none of these markers was followed up as a potential candidate for the diagnosis of AMI due to severe limitations in the measurement of these hormones. Neither AVP nor adrenocorticotropic hormone is available as a rapid and sensitive assay that would allow a fast enough "vein-tobrain time" to influence the early ED diagnosis. Although cortisol measurements are readily available, diurnal variation makes them of less value.
There are several hypotheses to explain the rapid release of AVP/copeptin after AMI. A likely explanation is that AVP responds rapidly as part of the endocrine stress axis, resulting in release of adrenocorticotropic hormone and cortisol. Copeptin is believed to be a rapid and immediate biomarker of the individual stress response (15) . An alternative trigger of AVP/copeptin secretion from the posterior pituitary could be baroreceptor stimulation by the threat of hypotension as a result of the AMI or direct damage to the cardiac baroreceptors. The latter possibility is supported by the fact that the highest copeptin elevation after AMI is seen in patients with STEMI (5). Because copeptin is elevated in many clinical states in which endocrinologic stress signals are present, it will have low specificity for an individual disease such as myocardial infarction, however; because myocardial infarctions present with activation of the hypothalamic stress axis, copeptin biomarkers demonstrate good sensitivity for the disease state.
A second important result of the present study is the prognostic role of copeptin. Voors et al. (16) demonstrated that copeptin is a strong marker for mortality and morbidity in patients with heart failure after AMI. Kelly et al. (17) reported an association of copeptin with the degree of left ventricular remodeling after AMI. These observations were strengthened by the increased risk of elevated copeptin concentrations and clinical heart failure in those patients. This risk stratification at an early stage after AMI remains important and may be useful for selecting treatment regimens in the future, such as the use of AVP receptor antagonists (the "vaptan" class of drugs). Reports on these drugs have been conducted for congestive heart failure (18, 19) , but no study has yet examined the use of vaptans in humans after AMI. Only animal data are available on the improved cardiac hemodynamics after administration of conivaptan (20) . In addition, these data suggest that even if AMI is excluded, some scrutiny to determine the etiology of the elevated copeptin level is likely warranted.
The independent prognostic information provided by applying copeptin and troponin values was also seen in a recent study of patients with heart failure treated in an outpatient clinic (21) . This study found that copeptin and cardiac troponin T elevations, alone and in combination, are powerful predictors of death and hospitalization. The investigators suggest that simultaneous assessment of myocardial damage and the activated vasopressin system might be of prognostic relevance. The prognostic role of copeptin in congestive heart failure has been reported by others as well (22) (23) (24) (25) . Study limitations. Our data confirmed that copeptin may have clinical value if the early rule out of AMI is operationally of benefit to the clinicians or hospital. However, if the resources in a given institution are not limiting, then the value of the time saved by more rapid diagnosis provided by copeptin may be marginal. Whether the more expedient rule out of AMI can improve the diagnostic performance for other diseases in the differential diagnosis is beyond the scope of the present report and would likely need to be demonstrated in an interventional study. Due to the broad heterogeneity of non-AMI diagnoses in patients presenting with chest pain, this might be very difficult to demonstrate in a trial. Copeptin seems to provide added predictive value on top of cTn, particularly for short-term prognosis. However, the clinical relevance of this prognostic information remains to be demonstrated. A significant proportion of patients had no second blood draw to determine troponin levels as required by the guideline. Therefore, there is the potential risk that this may bias the results evaluating serial blood draws. Finally, the present analysis does not evaluate copeptin in relation to a highly sensitive cTn with greater precision around the rule-out cutoff. This may change the added benefit of copeptin. 
Conclusions
This large multicenter trial suggests that the combination of copeptin and troponin at the time of presentation provides an NPV strong enough to avoid serial testing past 3 h and hence improves medical decision making in patients with chest pain presenting to the ED. Future research should investigate the cost savings to EDs through use of such a strategy.
